Background: The success of the learning assistant (LA) model has largely been attributed to LA facilitation of active learning tasks. A deeper understanding of how LAs facilitate these tasks would inform LA training and support successful adoption of the LA model. Our investigation of LA actions during their interaction with students in the classroom contributes to that understanding. We present and discuss the development of the action taxonomy for learning assistants (ATLAs), as well as illustrate its applicability by presenting some analyses that were conducted on sample data. Results: The LAs carried out several different actions that we categorized broadly as LA-Directed Facilitation, LA-Guided Facilitation, Advice, Feedback, Course-Related Talk, and Non-Course-Related Talk. LA-Directed Facilitation and LA-Guided Facilitation were the most common types of actions observed. We found that LA actions varied by course.
Introduction
Peer teaching models have increasingly been introduced into undergraduate instructional practices throughout the USA as a way to address the need for a student-centered approach to science, technology, engineering, and mathematics (STEM) education (Henderson & Dancy, 2011) . It is well documented that the USA needs improved undergraduate STEM education in order to better prepare its STEM graduates (Talanquer, 2014) . These reform efforts aim to support increased critical thinking and authentic scientific practices (Kim, Sharma, Land, & Furlong, 2013) . Active learning increases students' engagement in the learning process and has improved students' learning outcomes and lowered failure rates compared to classes using traditional lecture methods (Freeman et al., 2014) . Peer teaching models can provide a way to facilitate active learning in classrooms (Freeman et al., 2014) . Research has consistently shown that the support of peer coaches during active learning activities can help the student to discuss the material more thoroughly (Knight, Wise, Rentsch, & Furtak, 2015) . However, despite these encouraging findings, little has been done to understand the peer instruction models from the perspective of the peer instructors. A better understanding of the peer teaching experience, and what peer instructors do to facilitate student learning, will help to better prepare, implement, and sustain peer instructional models.
There are several models of peer teaching that are used in higher education today, including peer helpers, tutors, teaching assistants, and learning assistants (Colvin, 2007; Knight & Wood, 2005; Otero, Pollock, McCray, & Finkelstein, 2006) . Faculty, students, and the peer instructors can all be impacted beneficially from implementing a peer learning model (Whipple, 1987) . Findings support the notion that cognitive processing of material in these interactions is different to that of learning for assessment performance (Bargh & Schul, 1980) . These peer-to-peer interactions can be viewed as tutor-tutee relationships which can lead to the co-construction of knowledge (Chi, 1996) . Active learning instructional practices and peer teaching models have consistently increased students' engagement in the learning process and improved students' learning outcomes compared to classes using traditional lecture methods (Freeman et al., 2014) . However, despite these encouraging findings, little has been done to understand the specific aspects of these interactions and facilitation by peer instructors during active learning tasks. The purpose of this paper is to present a newly developed taxonomy that will enable researchers to identify the different actions that learning assistants undertake during their interactions with students.
Background
The learning assistant (LA) model is a peer instruction model that has been effective in a number of ways, including supporting student learning, faculty and course transformation, institutional change, and teacher preparation. For example, numerous studies have found that students in LA-supported courses experience better learning outcomes, usually measured as learning gains on concept inventories (Nelson, 2010; Pollock, 2009; Sellami, Shaked, Laski, Eagan, & Sanders, 2017; Talbot, Hartley, Marzetta, & Wee, 2015) . Other studies have found high student satisfaction with the teaching and learning experiences in LA-supported courses (Talbot et al., 2015) . Research has also found that LAs contribute to course transformation and changes in faculty practice. For example, Pollock and Finkelstein (2013) describe the process of curricular change and pedagogical transformation in introductory physics, in which LAs are a central part of the transformation effort. Adoption of the LA model also supports institutional transformation. Also, the LA model has been shown to be a successful teacher preparation mechanism whereby the LAs who went on to be secondary teachers displayed more reform-based teaching practices compared to their peers who had not been LAs (Gray, Webb, & Otero, 2016) .
There have also been benefits for the LAs themselves. For example, Close, Conn, and Close (2016) found that LAs develop stronger content mastery and science identities. Top, Schoonraad, and Otero (2018) investigated LAs' pedagogical knowledge and found that the language of "student ideas" was the pedagogical principle that was most likely to be taken up by LAs over the course of a semester. In their work, "student ideas" refers to prior ideas that students bring into the classroom with them.
Although research on LAs is growing, more needs to be understood about the specific actions that LAs undertake in the classroom to facilitate student learning. There has been some work in this area. For example, Knight et al. (2015) looked at what LAs do to support student learning by examining how cues from LAs before clicker questions impacted student discourse. When students interacted with LAs, there were significant changes in the students' use of questioning and duration of discussion. They also identified that different LA prompts elicited specific student responses. Particularly, questioning prompts elicited more student reasoning, but explanation prompts resulted in shorter student discussion. Thus, LA prompts directly influenced students' interactions during classroom discussions. While Knight and colleagues coded both student and LA statements during an interaction, they focused on the students' responses to LA prompts. In addition, Davenport, Amezcua, Sabella, and Van Duzor (2018) have looked at the LA-faculty partnerships which provides a window into their classroom interactions. In their work, Davenport et al. developed the Preparation Session Observation Tool (PSOT) which is meant to capture the partnerships that LAs and faculty develop in their weekly prep meetings. This work helps to identify and reflect on the intended or planned-for interactions that LAs and students will have in the supported class. Much of the research described in this section can be accessed by visiting the visit Learning Assistant Alliance Resource page (https://sites.google.com/view/laa-resources/assessmentresearch-and-results).
Our work builds on the previous research but focuses specifically on what the LAs are doing during their interactions with students. In this paper, we present the development of a new tool, the action taxonomy for learning assistants (ATLAs). This tool allows us to investigate the following research question: What are LAs doing during their interactions with students? We illustrate the applicability of ATLAs by presenting analysis of sample data to explore what LAs do at the course, individual and interaction level.
Context: the LA model
The LA model was started in 2003 at the University of Colorado Boulder. Since then, over 80 institutions have adopted the LA model and built their own LA programs based on that model (https://www.learningassistantalli ance.org/). The LA model supports institutional change by providing and training LAs who support faculty teaching and student learning in undergraduate courses, mainly in STEM. In our research, the LA programs under study focus on large introductory science courses. The LA model provides faculty with the opportunity to Thompson et al. International Journal of STEM Education (2020) 7:1 implement more student-centered instructional practices, such as active learning. One of the central stated roles of the LAs in these programs is to promote student discourse and argumentation. In our work, we investigated the actions and interactions of LAs from programs at two universities: one urban teaching and research institution in the Mountain West, and the other a more rural teaching and research institution in the Midwestern USA. Shared goals of both LA programs were (1) to improve the learning of undergraduate students, (2) to support institutional change towards student-centered learning environments, and (3) to recruit math and science majors into K-12 teaching licensure programs and teaching careers. LAs are recruited by faculty through a competitive process. Figure 1 shows the three main aspects of the LA experience.
Theoretical framing
Vygotsky's sociocultural theory of learning states that learning is a social process situated in cultural, historical, or institutional factors. "Human beings are viewed as coming into contact with, and creating their surroundings as well as themselves through the actions in which they engage" (Wertsch, 1991) . Accordingly, action and interaction are the analytic categories that provide insight into mental functioning. In our work, LAs are performing actions and engaging in interactions with students around the tasks and activities that the students are completing. Thus, the tasks and activities are the artifacts which mediate these interactions. For example, a complex task that requires collaborative problem-solving might allow for a deeper or longer interaction when compared to a factual recall task. Further, the actions that an LA takes within these interactions will differ based on the task or activity.
These interactions between students and LAs are situated in the context of the classroom, which has its own norms for community interaction. These norms are created implicitly or explicitly by the instructor and the other participants in the classroom and are also shaped by historical and institutional factors, for example, whether the class is an introductory course, a "weed-out" course, or a required course. The LAs are scaffolding the learning by interacting around the tasks with students and exploring the students' zone of proximal development (ZPD). While this is occurring, the LAs are also gaining experience in engaging in discourse around different topics with students and are becoming more expert in the concepts and skills being covered. In this way, learning is occurring for both the LAs and the students.
Theories of situated learning can also help us understand how the LAs interact with students in the classroom context. Following the work of Close et al. (2016) , we view the LAs as participating in a community of practice (CoP; Lave & Wenger, 1991) . The actors (instructors, students, LAs) in our classroom communities are assumed to be mutually engaged in the joint enterprise of learning science. Of specific interest to us in this work is the shared repertoire that develops as the Fig. 1 The three main pillars of the LA experience (Learning Assistant Alliance 2016). In the two programs under study here, the LAs attend lecture, hold weekly office hours, and attend weekly planning meetings with their faculty member. LAs are paid a monthly stipend for their work. All new LAs are required to take a 2-credit hour Introduction to Science Teaching and Learning course where they learn about the principles of teaching, including theories and techniques (see course syllabus in the Additional file 1) instructor, students, and LAs negotiate and determine norms of interacting and engaging around mediational artifacts. Taken together, this mutual engagement, joint enterprise, and shared repertoire are defining characteristics of a CoP (Lave & Wenger, 1991) . Because we are ultimately interested in the roles that LAs play in the supported courses as they engage in the shared repertoire, CoP provides an appropriate theoretical lens. Although our study focuses on the actions of the LAs, and not the mediational means and mechanisms themselves or the contexts in which the LAs are operating, taking a sociocultural and situated approach provides us with a lens to help classify and categorize LA actions in terms of their mediated social interaction with students. The work presented in this paper is one aspect of a much larger research project which examines the entire classroom system and interactions between other parts of that system (Talbot et al., 2016) .
Methods

Development of ATLAs
In this section, we describe our open-ended study to investigate what LAs do in their interactions with students in the classroom and present the resulting taxonomy of LA actions in that context. LAs can perform many roles in the classroom such as providing feedback to the instructor, consulting with other LAs, facilitation of student discussion, and administration. However, for the purpose of our work, we examined only the portions of class time where LAs are interacting with students and sought only to characterize their actions during this time. Since LAs are the focus of our study, we followed individual LAs and recorded their interactions with multiple and different students and groups of students. We recruited LAs to wear point-of-view cameras throughout entire class periods. LAs either clipped the cameras to their shirts or wore them on a lanyard around their neck. This provided us with audio and video of class time from their perspective.
Data
The taxonomy is based on video data collected across two universities. University A is a diverse, urban, public, teaching and research university in the Mountain West of the USA. University B is a more rural, teaching and research university in the upper Midwest. Due to the potentially sensitive nature of wearing a personal camera, we relied on a volunteer sample of LAs for this study. From that sample, only LAs working for instructors who consented to the data collection in their courses were selected to participate. In addition, LAs in a variety of science courses were prioritized. In total, video data was collected from 25 LAs in 9 different courses across the two universities. The LA program at each institution aims to hire a group of LAs that are representative of the student body. We strived to have the same representation in our data sample. The demographics of the university population, LA program population, and our data sample population are shown in Table 1 .
Each of the 25 LAs wore the camera on one class day. Since our goal was to gain an understanding of what LAs do in their interactions with students, we prioritized getting data from LAs in a variety of course contexts over getting more data from individual LAs. Details regarding the courses in which the 25 LAs were working are shown in Fig. 2 . Our sample included 6 courses from university A and 3 courses from university B. We sampled courses across biology, chemistry, and physics over the introductory and upper-division levels. The courses were taught in both auditorium-and studio-style classrooms. There was also a range in the opportunities that LAs had to interact across the courses. We capture this difference here through the amount of active learning used in each of the courses. We conducted observations of each course (more than 8 observations per course) using the Classroom Observation Protocol for Undergraduate STEM (COPUS; Smith, Jones, Gilbert, & Wieman, 2013) and calculated the percentage of active learning by looking at the number of 2-min time intervals where students were active (i.e., individual thinking, clicker questions, group worksheets, or other group activity). For each course, there was at least a 20% difference between the lowest and highest amount of active learning among the observed class days. We can categorize our courses as having low (average 10%), medium (average 30-40%), and high (average 55-60%) amounts of active learning. Further details about the courses including class size, instructor experience teaching LA-supported courses, and percentage active learning from observed courses are presented in the Additional file 1.
LAs wore the camera for the entire class, so in addition to capturing the LA-student interactions that we wanted to examine, it also recorded portions of the class including lecture, LA-LA interaction, and LA-instructor interaction that were not of interest. Before analysis, one researcher watched all the videos to extract all the instances of LAstudent interaction. The point-of-view nature of the recordings provided us with high-quality audio of the interactions and some visual features that helped us interpret contextual aspects of the interactions (e.g., what materials the interaction was based around, gestures, or how many students were involved in the interaction). An example capture from a video is shown in Fig. 3 .
Analysis
Two researchers watched the LA-interaction clips for three LAs from university A together with the goal of creating codes to characterize LA "moves" during their interactions with students. The discussion was focused both on describing each of the LA's observable actions during an interaction and on deciding a grain size for coding. This initial analysis was grounded in the data but was of course influenced by previous literature, our beliefs about learning and facilitation, and our knowledge of LA training. We decided on LA turn of talk being our unit of coding with the possibility of multiple LA moves being coded per turn of talk. Therefore, while one LA turn of talk could be coded with one single action code, it is also possible that a number of LA action codes can be seen in one LA turn of talk. Commonalities in our description of LA actions across clips for the three LAs led to the identification of a set primary codes which we also grouped into parent codes. At this point in the analysis, we decided that the developed codes would not require the student's voice to be heard or interpreted for an action code to be assigned. While the students' voice is an important aspect of the interaction, and could be prompting the LAs response or shaping the sequence of action codes, it was important to develop a set of codes that could be assigned by a researcher who was interested in looking at the LA's moves but who did not necessarily have content expertise to interpret the depth of the context being covered. This decision led to the collapsing of several codes into others. For example, we initially had a code "Expand on Student Reasoning" that was merged with "Explain." In the initial code, the LA would continue the line of reasoning introduced by the students or use the ideas mentioned by students to continue with a question or task. In terms of LA talk, this looked identical to "Explain" and it could only be coded through interpreting the disciplinary content in both the student and LA talk. When a researcher who was not a content expert coded turns of talk, these two codes were not distinguished consistently. Following the decision on grain size and our identification of a preliminary set of LA action codes, the two researchers coded the remainder of the data collected at university A. This was an iterative process with each researcher coding a set of selected clips independently and then comparing and discussing codes. This process led to further refinements and additions to code descriptors and further primary code collapsing. For example, the codes "Sharing Perspectives" and "Sharing Approaches" were merged into the new code "Sharing Perspectives and Approaches" because they were being double coded very often, and their separation was not adding nuanced information about what the LAs were doing. On the final set of clips, the researchers had 100% agreement on codes assigned to each turn of talk. What resulted from this process was a set of 25 primary codes. These primary codes were categorized into 6 parent codes: LA-Directed Facilitation, LA-Guided Facilitation, Feedback, Advice, Course-Related Talk, and Non-Course-Related Talk. Reliability of ATLAs coding is discussed in more detail in a specific section following the ATLAs taxonomy. 
ATLAs
Our final set of codes comprises ATLAs which is shown in Table 2 . Table 2 outlines descriptors for all the primary and parent codes along with illustrative LA quotes. A visual overview of ATLAs can be seen in the appendix. Given that we are examining LA actions during their interactions with students, typically around activelearning tasks, we could likely group all the identified LA actions broadly under the term "facilitation." However, here we use facilitation in the first two parent codes (LA-Directed Facilitation and LA-Guided Facilitation) to describe LA actions that help students move forward with the specific task (worksheet, problem, etc.) in which they are engaged. One can think of "LA-Directed" as exemplifying a more univocal discourse and "LA-Guided" as being a more dialogic one, in which the LA and student(s) peer-peer groups are mutually engaged in the joint enterprise of knowledge construction (Chi, 1996; Lave & Wenger, 1991) . It is also important to highlight the bounding of each of the parent codes. For example, while an LA discussing what course to take next may be considered advice in a general sense, it belongs in "Non-Course Related Talk" based on our categorization. Our "Advice" parent code is constrained to LA actions related to how to do well in the course and in school. Providing information on how to do well in school will also pertain to the current course and in fact be influenced by the current context. Our specific meaning of each code is operationalized in the code descriptor. While the name of some of the codes may seem similar based on colloquial usage, we have been careful in our selection of language to most closely represent our meaning. The descriptor and illustrative quote help to outline our meaning more explicitly. For example, the "Feedback" codes "Validate Student" and "Affirm Student" have important distinctions in our operationalizations, with validate describing LA moves that support the value of students' ideas and affirm describing more affective actions to acknowledge student feelings and struggles.
Reliability
Since the same two researchers had created and refined the codes through moderation, we recognized the need to conduct further rater agreement in the development of ATLAs. An additional independent researcher was recruited to code video clips for reliability purposes. This researcher was trained to use the code set in two parts. Firstly, the two initial researchers talked through there coding of a number of video clips with the third researcher. Then, the third researcher coded some video clips independently and discussed differences in assigned codes with the other two. On the next set of 65 video clips, the third researcher had 100% agreement with the other two researchers of codes assigned to each turn of talk.
In addition to checking rater agreement during the development of ATLAs, we also conducted a rater agreement study for the use of ATLAs. Because this rater agreement study focused on the uses of ATLAs, this work therefore contributes to our validity argument discussed in the next section. For this work, three of the authors (two of whom we involved in the development of ATLAs codes, and one who was not) coded five out of 25 total LA cam videos chosen at random (20% of all videos), which included 88 interactions out of the total of 298 interactions observed (30% of all interactions). These 88 interactions included 482 coded turns of talk. For all three coders and across all of these coded turns of talk, we calculated interrater agreement (IRA) as described by Gisev, Bell, and Chen (2013) . IRA describes "the extent to which different raters assign the same precise value for each item being rated" (Gisev et al., 2013, p. 331) . IRA is calculated as the number of concordant responses divided by the total number of responses, times 100%. For all 482 coded turns of talk, IRA was 82%. Within each video, IRA across the three coders ranged from 72 to 89%.
Validity
In developing a validity argument for ATLAs, we follow the principals and procedures set forth by Kane (1992) and the Standards for Educational and Psychological Testing (American Educational Research Association, American Psychological Association, National Council on Measurement in Education,, and Joint Committee on Standards for Educational and Psychological Testing (U.S.)., 2014). Although not a "test," developing a validity argument for ATLAs can still follow the same procedure as outlined in the Standards. To that end, we first specifically define the proposed use of ATLAs and interpretation of data resulting from its use. ATLAs is meant to be used to categorize and classify the actions that LAs undertake in their interactions with students. Results from applications of ATLAs are intended to be used to identify specific LA actions in the supported classroom in order to inform research, LA preparation, and faculty professional development. Evidence to support the validity of ATLAs comes from four separate sources: (1) observations of classroom practice, (2) video of stimulated interviews with LAs, (3) application of ATLAs coding to a unique context, and (4) course logs administered to LAs about the classroom practice. We discuss each source in turn.
Observations of classroom practice were conducted using the Classroom Observation Protocol for Undergraduate STEM (COPUS; Smith et al., 2013) as discussed previously. The COPUS is a time-segmented observation protocol, where observers mark the occurrence of individual student and instructor actions during discrete 2-min intervals. As part of the larger research project, our team added a section to the COPUS to mark the occurrence of 
LA-Directed Facilitation
LAs help students complete the task/activity they are engaged in by providing students with information.
Answer student question: LA directly answers a student question without eliciting student thinking or checking understanding. There is no explanation or elaboration beyond answering the student's question. "No, oxygen would be an element."; "You could call it that, but it's just carbonic acid."
Explain: LA provides student(s) an explanation relating to the activity or a student question. This can include explaining a concept, mechanism, or problem-solving process. This explanation can be brief and only within the scope of the activity or question, or it can be elongated with information beyond the scope of the question or activity. This can also include building on student ideas. "So, you'll see especially with proteins when you have amino acids. Amino acids are going to be linked to each other, and the interaction between amino acids dictates the shape of the protein that will result, and the shape of the protein is going to dictate its function."
Provide prompt: LA states the next steps for student(s) working through a task or provides hints or tips to help student(s) along with the task. The LA then gives the student an opportunity to respond. "You can think of this as the master equation. You want to get everything cancelled out until it gets to this, does that make sense?" "I think that the major hint to your question has to do with this word... (points to a word on the sheet)".
Examine student work: LA examines student's written work (e.g. worksheet). This is mostly non-verbal and can be seen on the video but could also be explicitly stated by the LA. This is often followed by LA response referring to student's written work.
Clarify question: LA rephrases the question/activity/instructor direction. The LA might add some context to clarify expectations of the student to facilitate completion of the task. "I think it just comes down to syntax and how you interpret the question. I see what you are saying, but I would include it [reaction rate] under that umbrella."; "You could also look at it at its most extreme point: Say you have no substrate whatsoever, is the reaction going to occur?"
LA-Guided Facilitation
LAs are helping students complete the task/activity they are engaged in by creating opportunities for the students to input their ideas.
Check in: LA checks student(s) progress as an initiation to the interaction, checks to see if student(s) are following during an interaction or checks that student(s) are satisfied as a termination of an interaction. This action is broader and more general than check understanding [see below]. "Did you get the first one?"; "Are you doing good?"; "Does that make sense?" Elicit student thinking: LA asks the student(s) to narrate their thought process behind their understanding of a concept or process of reaching an answer. LA's question is not necessarily question or task specific. This typically comes early in an interaction.
"So, what do you think?"; "Walk me through what you have done so far?"
Check understanding: LA asks a question requiring students to reason about or connect ideas related to the concept or process pertaining to the current activity. "Can you show me where there might be a double bond here?"
Check knowledge: LA asks a factual recall question about content or information needed for the problem; a quick check for knowledge. "What is a racemic mixture?" Probe for reasoning: LA asks student to defend or justify their answer to a question or task. "Why do you say that?"; ".....What were your clues?"
Collaboratively problem solve: LA is working through a problem with the student in a truly collaborative way (as a member of the group). Often, the LA does not have a key. "Have you tried it this way? Let us do that then …" LA actions. These codes closely mirrored the COPUS codes for assigning instructor actions. From our observations, we can therefore determine how much of the class time LAs were moving through the room during group work time and how often they interacted with students one-on-one or one LA with a small group. From this data, we were able to validate that the number of interactions we captured on the LA cams was representative of the time LAs were interacting with students during the class session, as observed at the class level using the COPUS. We also conducted stimulated interviews with 11 LAs from university A who wore the LA cams. In these interviews, LAs watched and reflected on three or four clips of their interactions with a student or group of students. Clips were selected based on how common the type of interaction was or whether there was uncertainty among coders about whether a code should be assigned to a turn of talk. From these interviews, we were able to both further develop and validate our coding of specific interactions. For example, we found that "Explain" was always coded accurately with respect to the LAs' comments and intentions. We also discovered that our interpretation of "Check Knowledge" needed to be refined in order to be coded accurately. These interviews were of great importance in developing a valid taxonomy.
We also applied the ATLAs coding taxonomy to the videos from the LAs at university B. The courses at university B were all taught in studio-style classrooms and two of the three courses had very high amounts of active learning. This constituted a very different context than Advice LAs provide information they believe will help students be successful in the course or in school more generally.
Direct to resources: LA refers to available resources such as online course materials, office hours, textbooks, web-based resources etc. for the course that might be helpful for student(s). "There is another packet that has all of the macromolecule, so I would have that down as well." "There is a module on Canvas that talks about this."
Share perspectives and approaches: LA shares their experience and insights of ways to approach problem-solving or particular types of questions. "… I'm going to be honest, I get so confused when I try to do it, all in a line, so I do it a slightly different way. I have to use the definition of molarity and go from there to figure out moles … it takes a little bit longer, but I find it easier …"
Provide tips for success: LA shares their experience and insights as advice on being successful in school. "Do you guys read the chapter before you come to lecture? It's a good habit and really helped me out a lot." "I would definitely look at the learning objectives because it's easy to get lost in little tiny details in these textbooks."
Course-Related Talk
LAs talk about things related to the course but not the current activity, e.g., homework due dates or online resources.
Clarify goal of the activity: LA provides reasoning or justification for the task. This includes explaining the purpose of the task at hand and why this task will be beneficial for the student. "I think... he just wants to know that you understand what 5-3 prime means." Administration: LA retrieves or hands out student materials e.g. worksheets. LA handing out worksheets and commenting on the worksheet or the handout. "Let me go get you the notes packet" Refer to instructor: LA explicitly directs student to instructor or LA personally refers to the instructor about something happening in class. "Let me ask (instructor name) to explain this to you. I will be right back." "Let me ask him if you need to know the specifics of what happens at each step because I do not want you to stress out too much about this."
Check-in about test/quiz: LA explicitly asks student(s) about their progress preparing for an upcoming or past assessment for the course. "How are you feeling about the test next week?" Non-Course-Related Talk LAs talk about things not related to the course. This can include conversation entirely unrelated to college, for example, social plans for the weekend, or part-time employment.
School-related talk: LA and student(s) engage in discussion not related to the course but related to other courses or aspects of school within the university. "Yeah, I'm a junior, so I took this course about a year and a half ago" "When you get to Cell Bio, it goes even more in-depth."
Non-school-related talk: LA and student(s) engage in discussion not related to the course or school. This is more of an informal peer to peer interaction for example, discussing what they did at the weekend. university A courses, which were all taught in stadiumstyle lecture halls with less active learning. We were able to apply the ATLAs codes to all actions in all turns of talk in these videos, which indicates that ATLAs itself is applicable to diverse contexts. Finally, in the larger research project, we had administered course logs to all LAs that asked them to selfreport the amount of time they spent performing certain actions during every supported class session. The actions that LAs reported on in these logs were taken from the COPUS list of actions. In this way, the logs served as a validity check for our COPUS observations. In these daily logs, LA self-reports of time spent interacting with students were consistent with our observations and also with the amount of interaction time we observed from the LA cams for the different courses.
Application of ATLAs
Following the development of the taxonomy, we conducted an applicability study. Our goal for this study was to see if we could identify specific LA actions in the LA-supported classroom, in order to inform research, LA preparation, and faculty professional development (i.e., our stated interpretation of ATLAs, from the validity argument). Specifically, in this study, we wanted to investigate LA actions both across and within courses. As such, we collected deeper samples (i.e., video from more class days) from a smaller number of LAs across a semester. In this section, we present our methods and findings.
Video data were collected from 11 LAs across four courses at university A. These data were collected throughout the semester, with video being collected in the beginning, middle, and end of the semester. Each LA wore the point-of-view cameras between four and eight times (mode = six) throughout the semester. Once again, we strived to have the same representation in our data sample as the whole LA program. LAs were recruited from four courses taught by instructors willing to participate (biology instructor B, biology instructor E, biology instructor F, chemistry instructor B). Details of the four courses are shown in Table 3 and more description presented in the Additional file 1. In total, 63 videos were collected. These were divided among two researchers and coded using ATLAs.
Results
When applying ATLAs to our sample data, LA-Directed Facilitation and LA-Guided Facilitation were the two most common categories of actions that LAs carried out during their interactions with students, while Non-Course-Related Talk was the least common. This was expected since facilitation is one explicitly intended role of the LA in the supported course. LA-Directed Facilitation and LA-Guided Facilitation also have the most primary codes within them, and Non-Course-Related Talk has the least primary codes. ATLAs was applied to analyze LA actions at different levels, ranging from the macro, big-picture analysis using parent code distributions to a micro-level analysis using the primary codes of ATLAs. These levels include analysis of LA actions across and within courses, LAs, and individual interactions.
Course comparisons
T tests were conducted to compare the percent of parent codes between courses. Our use of ATLAs revealed that the behavior of the LAs varied significantly depending upon the course in which they were working. The average percentage of each parent code differed among the LAs in each of the four courses represented in Fig. 4 . The COPUS profiles for these courses are given in the Additional file 1. LAs in course B had a significantly higher percent of LA-Directed Facilitation compared to the other three courses (p < 0.05). Courses A and B had significantly higher proportions of the Advice parent code compared to courses C and D. Courses C and D had higher average of Feedback and of Course-Related Talk, and greater variability in the percent of each of these codes. This last trend may have been driven by three instances in which the LAs engaged in relatively few actions, and these actions were all categorized as Course-Related Talk. The greater amount of time spent on Feedback and Course-Related Talk in courses C and D is consistent with their COPUS profiles (see Additional file 1) which show a greater amount of active time for students in a different classroom context (a studio classroom) as compared to courses A and B which were held in auditorium classrooms and had less active learning time.
Comparison of LAs by characteristics
ATLAS can be used to compare LAs within a course by a characteristic or attribute. To illustrate this, we conducted a comparison of LAs by gender and LA experience. It would be perfectly reasonable to think that differences exist in the nature and frequency of LA actions based on whether LAs were female or male since it is well-documented that males and females experience the science classroom differently (Clark Blickenstaff, 2005) . Therefore, we expected male and female LAs to communicate and facilitate learning within this context differently. Similarly, based on the research into novice versus experienced teachers' beliefs and classroom practices, one might expect experienced LAs to interact with and respond to students differently compared to new LAs (Westerman, 1991) .
T tests were conducted to compare the percent of parent codes between groups of LAs. Our use of ATLAs demonstrated that male and female LAs as well as new and returning LAs were generally similar in their interactions with students (Table 4 ). For example, no significant differences were observed between male and female or new and returning LAs in the percentages of any of the parent codes. Although no statistically significant findings were discovered from this data set, we provide data in Table 4 for descriptive purposes, and to display what type of data ATLAs can yield.
Comparing individual LAs
So far in this paper, we have used ATLAs descriptively to show what LAs are doing. Now we turn to that description in more depth, considering who the LAs are, which could lead us to start asking questions about why they might be doing what they are doing. In this way, we can use ATLAs to move from description to the foundation of inference. In this section, we further describe the actions of two different LAs working in the same context and begin to make sense of their observed actions based on stimulated interviews that we conducted with the LAs. We present this in order to demonstrate another promising use of ATLAs.
ATLAs can also be used for a finer-grain microanalysis of an LA's actions, either by looking at the distribution of primary codes within each parent code or by examining individual interactions for a given LA. For example, we compared two LAs, Ryder and Sara. Both LAs were in course A and were interacting around the same curricular material and under the same classroom norms and expectations from their faculty member. Ryder is a returning LA and a white male. Sara is a new LA, an international student, and an Asian female. Their average distributions of parent codes were similar. When we compare their primary code distributions for a single class period (one video for each LA, on the same day) we see differences. While both had two actions coded as Course-Related Talk, Ryder's actions are both checking in with students about their quiz, while Sara clarifies the goal of the activity and conducted an administrative task. Figure 5 shows the sequence of LA actions for Ryder and Sara. Both interactions were 2 min in length, and occurred in the same lecture, while students were engaging around the same tasks. In timeline 1, we can see that Sara carries out just 2 LA actions. Both "Explain" and "Answer Student Question" are LA-dominated facilitation actions. In contrast, Ryder carries out 5 LA actions including check understanding, elicit student thinking, point out incorrectness, and confirm correctness. These codes come from LA-Guided Facilitation and Feedback parent categories. The blank parts of the timeline represent the student talk. These timelines illustrate just how contextual and varied every interaction is between LAs and students, even within the same classroom context. We do not present this data to make inferences or conclusions but rather to illustrate the utility of ATLAs for micro-analysis as opposed to the broad course-level comparisons that we presented previously. Although coding the student voice section of the timeline is beyond the scope of this study, this could be a fruitful avenue for further investigation.
Discussion
We have presented the development and application of ATLAs, a tool to examine what LAs do in the classroom. ATLAs enables researchers to code actions or LA "moves" from video data in a way that enables course level, individual level, and interaction level analysis. From our sample data, we saw how there were significant differences in LA actions at the course level but only qualitative differences at the LA and interaction level. Action and interaction are the analytic categories that provide insight into mental functioning (Wertsch, 1991) . So, ATLAs can be used as a springboard to examine how LAs approach an interaction with students and why LAs undertake certain actions. Since ATLAs allows us to look at LA moves around classroom tasks and activities, ATLAs can provide an avenue to examine variation in LA actions around different types of activities. For example, a research question that could be answered using this tool is "How do LA actions vary depending on the nature of the activity in which the student is engaging?" Such a study would help us understand how different activities or artifacts mediate these interactions.
LA-student interactions are deeply situated in the context of the classroom, which has its own norms for community interaction. Use of ATLAs could provide insight into how LA actions are influenced by the rules and norms of the classroom. Furthermore, the LA actions that we observe provide insight into the roles that they undertake in the classroom. Understanding classroom norms and the roles that LAs play would enable us to more effectively characterize how LAs support student learning and engagement within the complex social learning space of the classroom, which is one of the broader goals of our research program.
Limitations
Not all videos from LAs in the same course were collected in the same days due to logistical issues during data collection. For example, on some days, not all the LAs were present in the lecture. We then had to collect additional data for some LAs on additional days. Due to the potentially sensitive nature of wearing a point-of-view camera, and then watching it back in an interview setting, we had to rely on a volunteer sample of LAs. This could have been a self-selecting group of LAs who were confident to wear cams and more confident interacting with students. We also had an incident where we had consenting LAs but the faculty member was not comfortable having cameras in his or her course. Therefore, these courses were self-selecting in that they were taught by instructors who were open to participating in our research endeavors and to having cameras in their classrooms. A more representative sample (e.g., more course subjects) would strengthen the inferences that one could make from ATLAs. Our sample included an intentional over-sampling of females and traditionally underrepresented minority groups.
Conclusions
ATLAs provides an exhaustive list of LA actions and revealed variability in LA actions at the course level in our dataset. ATLAs can be used to explore the interactions between LAs and students from a pedagogical standpoint. It can be used to observe LA actions across and within courses as well as analyze a single LA-student interaction. ATLAs can be used for training LAs on how to have more rich interactions with their students. For example, LAs can be shown interactions where they are engaging in a number of different action codes in a single interaction with a student. ATLAs can also be used by faculty to examine what their LAs are doing during class. ATLAs can be a tool to monitor what types of interactions are happening in different settings and contexts (e.g., studio classrooms or different disciplines).
ATLAs can be used to explore the variation among interactions of LAs of different fixed identities (e.g., gender identity, race). Although our application in this area is preliminary and inconclusive, this application of ATLAs could be used to help us better look at larger issues of inclusion and access for underrepresented groups in science education (Malcom & Feder, 2016) . Because programs based on the LA model typically facilitate course transformations, it is important to investigate questions of equity and diversity in LA-student interactions. By understanding potential differences in LA-student interactions in relation to fixed identities, institutions with LA programs may be more able to acknowledge students' varied experiences and histories in a more culturally responsive way. Although some may want to use ATLAs as a tool to evaluate LAs, that is not its intended purpose. We conceptualize the categorization of an LA's actions using ATLAs as their actions within a specific context. For LA performance evaluation, the validity of ATLAs would be incumbent upon the end user. For our purposes, it is purely a taxonomy to help us categorize and look at LA actions. ATLAs is not meant to support inferences about the intent driving LA actions. If one was to use it as an evaluative tool, one would need to construct a new validity argument for this tool and ensure it is appropriate for the context for which it is being used.
ATLAs could also be used to help examine the pedagogical decision making of LAs. For example, why do LAs choose to carry out certain actions during an interaction with a student? What influences their pedagogical decisions? These are important next steps that could be undertaken in part by using ATLAs.
ATLAs provides insight into the roles that LAs play in the classroom. LAs are not just facilitators of active learning tasks. LAs can also provide valuable advice and feedback to students, and behave in more of a mentor role, while maintaining peer-to-peer presence with less power differential than an instructor-student dynamic. These additional roles need to be better understood and articulated in order to maximize an LA's presence in the classroom. This research is a gateway for further investigation into the student voice during the LA-student interaction. We hope that researchers working in the context of LAsupported courses will use ATLAs in their work to help us better understand the nature of LA-student interactions. If we can start to gain resolution on the most supportive types and aspects of these interactions, then we can work to better support students and foster the development of high-quality peer learning support programs.
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